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Application Serial No. 09/577,005 ' 

Response to Office Action mailed February 10, 2004 



REMARKS 

Claims 20-26 and 28-46 are pending in this application. 

Applicants wish to thank Examiner Ramirez and Examiner Prouty for the helpful and 
courteous discussion with their undersigned Representative on April 7, 2004. Further, 
Applicants wish to thank Examiner Prouty for the suggestion to amend the claims to define 
the promoter sequence as a "DNA sequence situated at about position -35 from the 
transcription start site of the glutamic acid synthesizing gene" or a "DNA sequence situated at 
about position -10 from the transcription start site of the glutamic acid synthesizing gene" to 
clearly convey the scope of the claimed invention in terms that would be readily appreciated 
by the skilled artisan. During the discussion the remaining grounds of objection/rejection 
were discussed. The content of this discussion is reflected in the amendments and remarks 
herein. Reconsideration of the outstanding objections/rejections is requested. 

The rejections of Claims 20-37 under 35 U.S.C. §112, first paragraph (written 
description and enablement), are obviated by amendment. 

The present invention provides a method of constructing a mutant capable of 
suitably enriching or controlling the expression of an intended gene without using a plasmid 
and also capable of producing amino acids in a high yield, by the recombination or mutation 
(page 3, lines 7-10). To this end, the present method is accomplished by variously altering 
the promoter of amino acid-biosynthesizing gene on a chromosome to control the amount of 
the expression of the intended gene. Particularly, the present method is accomplished by 
introducing a specified mutation into -35 domain or -10 domain which is a specific domain of 
the promoter (page 3, line 25 to page 4, line 2). 
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Application Serial No. 09/577,005 ' 

Response to Office Action mailed February 10, 2004 

In making the written description rejection, the Examiner concedes that the 
specification adequately discloses the production of coryneform bacteria having mutant 
promoters for the coryneform bacteria glutamate dehydrogenase, citrate synthase, isocitrate 
synthase, pyruvate dehydrogenase, and aconitase genes (paper number 16, page 7, line 23 to 
page 8, line 2). Consistent with this view previously taken by the Examiner, Applicants have 
amended the claims to limit the scope of the claimed invention to glutamate dehydrogenase, 
citrate synthase, isocitrate synthase, pyruvate dehydrogenase, and aconitase genes of 
coryneform bacteria. 

Nonetheless, the Examiner's rejections appear to relate to two aspects of the claims: 
(1) the genes and (2) the promoters for those genes. 

In regard to the first issue, as stated above, Applicants note that the claims have been 
limited to genes from coryneform bacteria. The Examiner is directed to page 5, line 12 to 
page 8, line 2 of the specification where bacteria of the genus Corynebacterium, and enzymes 
(genes) and their corresponding activities are described. Applicants note that due to the high 
degree of genetic similarity shared by the members of this genus of bacteria, with the present 
specification in hand, the skilled artisan would be able to readily identify the genes encoding 
glutamate dehydrogenase, citrate synthase, isocitrate synthase, pyruvate dehydrogenase, and 
aconitase genes from coryneform bacteria. 

Moreover, Applicants note that the actual gene sequence of the genes encoding the 
aforementioned enzymes is not particularly limiting. As described throughout the 
specification and the claims, the present invention lies in the creation of a mutant expression 
sequence where the promoter region of the aforementioned genes is mutated to include the 
specifically claimed hexamer sequences at the -35 or -10 position of the promoter sequence 
for these genes. 
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Application Serial No. 09/577,005 * 

Response to Office Action mailed February 10, 2004 

Applicants remind the Examiner that MPEP §2 164.05(a) states: 

'The specification need not disclose what is well-known to those 
skilled in the art and preferably omits that which is well-known to 
those skilled and already available to the public... The state of the art 
existing at the filing date of the application is used to determine 
whether a particular disclosure is enabling as of the filing date." 

Therefore, Applicants submit that they are under no obligation to explicitly disclose 
each and every sequence that falls within the scope of the claimed invention. 

In regard to the promoter sequences (point (2) above), Applicants direct the 
Examiner's attention to page 8, line 3 to page 10, line 22, which fully describe representative 
promoters of the claimed invention, as well as the creation of a "consensus sequence." 
Further, as evidence of the fact that the claimed invention is adequately described and 
enabled for any coryneform bacteria, Applicants submit herewith the results of a sequence 
alignment of the promoter sequences of Corynebacterium glutamicum and other members of 
the Corynebacterium genus. 

In the alignment results: 

(1) represents the alignment for the gdh gene between Corynebacterium glutamicum 
and Brevibacterium flavum. -35 and -10 regions are indicated in the box. 

(2) represents the alignment for the gltA (CS) gene between Corynebacterium 
glutamicum and Corynebacterium efficiens, —35 and —10 regions are indicated in 
the box. 

(3) represents the alignment for the led gene between Corynebacterium glutamicum 
and Brevibacterium flavum, —35 and —10 regions are underlined. 

(4) represents the alignment for the pdh gene between Corynebacterium glutamicum 
and Brevibacterium flavum. -35 and -10 regions are underlined. 



9 



Application Serial No. 09/577,005 ' 

Response to Office Action mailed February 10, 2004 

As evidenced by the enclosed BLASTN search results, the promoter regions of the 
gdh, gltA, icd, and pdh genes are well conserved among coryneform bacteria, although the 
gdh promoter region of Brevibacterium flavum, the gltA promoter region of Corynebacterium 
efficiens, the led promoter region of Brevibacterium flavum, and the pdh promoter region of 
Brevibacterium flavum possess slight variations from the corresponding regions of 
Corynebacterium glutamicum. Accordingly, based on the present specification supplemented 
by the enclosed search results, one of skill in the art would be able to immediately identify 
these promoter regions and mutate the same in accordance with the claimed invention 
without undue experimentation. 

In view of the foregoing, Applicants submit that the claimed invention is adequately 
described and enabled. Withdrawal of these grounds of rejection is requested. 

The objection to the specification as introducing new matter based on the newly 
submitted substitute Sequence Listing containing 66 sequences rather than the original 64 
sequences is traversed. 

The Examiner has issued this new matter rejection based on the occurrence of 66 
sequences in the substitute Sequence Listing filed November 21, 2003 compared to only 64 
sequences in the original Sequence Listing. Applicants wish to direct the Examiner's 
attention to the fact that original SEQ ID NOs: 31 and 32 contained CD regions and the 
corresponding protein sequence encoded thereby; however, were not individually listed. 
Therefore, in order to correct this oversight in the original Sequence Listing and to ensure 
compliance with the Sequence Rules (37 C.F.R. §1.821-1.825), a substitute Sequence Listing 
was filed in which the protein sequences were inserted and the remaining sequence identifiers 
were amended to maintain their corresponding original designation. 



10 



Application Serial No. 09/577,005 " 

Response to Office Action mailed February 1 0, 2004 

In view of the foregoing, Applicants submit that the submission of the Substitute 
Sequence Listing does not introduce new matter. Withdrawal of this ground of objection is 
requested. 

The objection to the specification as introducing new matter based on the correction 
of the typographical error in which original SEQ ID NO: 62 (now SEQ ID NO: 64) contained 
an "f" at position 29 rather than "g" is traversed. 

Applicants again note that the amendment to SEQ ID NO: 64 (previously SEQ ID NO: 
62) at position 29 was to correct an inadvertent entry of "f * in place of the appropriate "g". 
Although the Examiner surely concedes that "f ' is not an appropriate nucleic acid designator; 
however, the Examiner does not believe that there is sufficient evidence to conclude that the 
proper substitute is "g". 

To this end, Applicants refer to page 55, lines 3-6, where they describe SEQ ID NO: 
64 (previously SEQ ID NO: 62) as being a primer used for amplification of the gdh promoter. 
Therefore, based on the description and publicly available databases (e.g., GenBank), the 
proper sequence of the gdh promoter region would result in the disclosed primer containing a 
"g" at this position. To this end, Applicants submit herewith the GenBank entry for 
Accession No. X72855. The inventor used SEQ ID NO: 64 to amplify the promoter region of 
gdh region for constructing the mutated gdh promoter. The sequence of SEQ ID NO: 64 is 
complementary to the sequence ranging from nucleotide 235 to 291 of Accession No. 
X72855 with flanking mutation and addition of restriction enzyme recognition sites. Based 
on the complementarity of these sequences it is clear that the position corresponding to 
nucleotide 29 of SEQ ID NO: 64 is nucleotide 270 in Accession No. X72855, which has a 
"c" in Accession No. X72855. The antisense nucleotide of "c" is "g" and, therefore, the 
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skilled artisan would readily appreciate that the correct nucleotide at position 29 of SEQ ID 
NO: 64 is "g." 

In view of the foregoing, Applicants submit that the amendment of SEQ ID NO: 64 
(previously SEQ ED NO: 62) does not constitute new matter. Withdrawal of this ground of 
objection is requested. 

The objections to the claims and the rejection of Claims 20-37 under 35 U.S.C. §112, 
second paragraph, are obviated by amendment. 

Applicants have amended the claims to be free of the Examiner's criticisms. 
Applicants note that the designation of the "-35" and "-10" regions as they relate to promoter 
sequences are well known the art. Evidence of the ubiquitous knowledge of these terms is 
offered by the enclosed page 860 of Lehninger et al . Principles of Biochemistry, 2 nd Ed., 
1993. As this reference clearly shows, as of the filing date of the present invention, the 
skilled artisan would readily understand the meaning of these terms. 

To this end, Applicants again wish to thank Examiner Prouty for the suggestion to 
their undersigned Representative to amend the claims to define the promoter sequence as a 
"DNA sequence situated at about position -35 from the transcription start site of the glutamic 
acid synthesizing gene" or a "DNA sequence situated at about position -10 from the 
transcription start site of the glutamic acid synthesizing gene" to clearly convey the scope of 
the claimed invention in terms that would be readily appreciated by the skilled artisan. 

Applicants request withdrawal of these grounds of objection and the indefiniteness 
rejection. 

The rejection of Claims 20-37 under 35 U.S.C. §101 is obviated by amendment. 
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Response to Office Action mailed February 10, 2004 

Consistent with the Examiner suggestion on page 5 of the February 10 5 2004 Office 
Action, Applicants have amended the claims to define the "coryneform bacterium glutamic 
acid synthesizing gene" as being "isolated." In view thereof, Applicants request that the 
Examiner acknowledge withdrawal of this ground of rejection. 

Finally, in regard to method Claims 38 and 46, Applicants remind the Examiner that 

MPEP §821.04 states: 

. . .if applicant elects claims directed to the product, and a product 
claim is subsequently found allowable, withdrawn process claims 
which depend from or otherwise include all the limitations of the 
allowable product claim will be rejoined, (emphasis added) 

Accordingly, should the claims corresponding to the elected group (Claims 20-37 and 

39-45) be found allowable, the Office is compelled to rejoin non-elected process Claims 38 



Applicants submit that the present application is now in condition for allowance. 
Early notification of such action is earnestly solicited. 



and 46. 
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BLAST2 Search Result 



BLASTN Search Result 

Cputed at Geno^et BLAST2 Serve, (K>oto Center) on Frl Apr 16 11:11:11 J* 2004 



Database Name Nfc-NT 

cmaKattt taattctttg tggtcatatc tgtgcgacac tgccataatt 

GAACGTGAGC ATTTACCAGC 



BLASTN 2-2.6 lApr-09-2003l 

Reference: Altschu.. Stephen f . » A.eiandru ^ 

Hinghui Zhang, ^"f ,St: I «w ilnerati on of protein database search 

Querr - "To .etters) 

Oatabase: nr-nt: Non-redundant nucUlc add seauence database Ra.a»e 
04 "° 4 ' 16 33. 709. 186 seauences; 38. 978, 163. 883 total letters \ 



Searching.. 



. done 



Score 
(bits) 



Seouences producing significant alignments: 

n«li-AXS0351» [AX503S18] Seauence 21 from Patent ™'JJL „ 

□ 1^05970 W.805970] Mouse DNA sequence from clone RP23 
>^b:JKX127150 CAX1271H0] I Seauence 7066 fro. Patent EP11M 



E 

Value 



139 2e-30 

139 Ze-30 

139 2e-30 

139 Ze~30 

107 ae-2i 

56 3e-05 

56 3e-05 

SO 0. 002 

50 0. 002 

42 0.40 

42 a 40 

42 0.40 
40 1-6 
40 1.6 
40 1.6 



Score = 139 bits (70), Expect - 2e-30 
Identities - 70/70 (10M 
Strand ^ Plus / Minus 



Query: 1 



http://Wast-genome.ad.jp/sit-bin/nprr-btest 



2004/04/16 



BLAST2 Search Result 

SUct: 86«4 ta .«. a tUt M tU«t« B l«tc.ta«t l! t KS .c St > S c«U.tt« U «U«c S63SB 

THRtRTf " 

SbJct: 96364 atttaccagc 963S5 

tafrCGHSU t glutamics GDHA gene 

" Length = 2037 

Score = 139 bits (70). Expect - 2e-30 
Identities = 70/70 HOW 
Strand = Plus / Plus 

61 TiiTTTtTTT 70 

Sbict: 291 atttaccasc 300 

>trtUtfM»M [AP005280] tonrttarttrl- ■lottri-. ATCC 13032 UNA. 
-?SfflBAfinflL_ - conip | ete genome, section 7/10. 
Length - 337200 

Score = 139 bits 170), Expect = 2e-30 
Identities « 70/70 OOOti 
Strand = Plus / Minus 

Query 61 atttaccaec 70 
Query- , |mi |||| 

Sbjct: 196364 atttaccasc 196355 

Length = 349575 
Score = 139 bits (70). Expect = 2e-30 
Identities = 70/70 110<W 
Strand a P'us / M' nu * 

Query 61 atttaccagc 70 
Sbict: 71420 atttaccagc 71411 

>S&Sm CorynebacterIU»«luta,nicunv sdh B en for 

2004/04/16 

httpy/blastgenonr.e. a djp/sit-bir./nph-blast 



BLAST2 Search Result 



glutamate dehydrogenase 
Length = 2037 

Score = 107 bits (54). Expect = 8e-21 
Identities = 64/66 <96fl, Gaps = 1/66 (U) 
Strand = Plus / Plus 

Sbjct: 236 aattttaattctttgtBEtcatatctgtgcgacactgccataatttgaacgtgagcactt 295 
Query: 65 accagc 70 

nun 

Sbjct: 296 accagc 301 

>ernb:BD177703 [BD1777Q31 Process for producing L-<tutinine by 
fermentation and L-glutamine-produclnfi microorganism 
Length * 44 

Score = 56.0 bits (28). Exoect = 3e-05 
Identities = 40/44 (90W 
Strand - Plus / Plus 

Sbjct: 1 ctttgttgccatatctgtecgacgctgctataattgaacgtgac 44 

>emb:AX503514 [AX5Q35141 Sequence 17 from Patent EP1229121, ^ "\\<\\]0Y<\ • 
" Length ■ 44 

Score » 56. 0 bits (28), Expect = 3e-05 
Identities = 40/44 (90» 
Strand = Plus / Plus 

mm » fintn'mifffmnnffniniiiifflinf s ° 

Sbjct: 1 ctttgttgccatatctgtgcgacgctgctataattgaacgtgag 44 

>emb'BD177706 [BD177706] Process for producing L-glutamine by VaclfcVW** 
fermentation and L-glutamine-producing microorganism. 
Length = 29 



Score = 50. 1 bits (25), Expect = 0. 002 
Identities = 28/29 (96W 
Strand = Plus / Plus 



Query: 21 
Sbjct: 1 



teetca 

mill 

tgstca 



atctgtgcgacactg^cataat 

milium j 



atctgtgcgacgctgc 



mm 

cataat 



49 
29 



>emb:AX503517 [AX503517] Sequence 20 from Patent EP1229121, 
Length - 29 

Score = 50.1 bits (25), Expect = 0,002 
Identities = 28/29 (96« 
Strand = Plus / Plus 

y ... . , . ¥ ?0(M/n4/1 fi 



BLAST2 Search Result 



BLASTN Search Result 

touted at GenomeNet BLASTZ Server OCvoto Center) on Fri Apr 16 13:24:39 JST 2004 
Database Nana NR-NT 

wttgectct cacttcggat atggctaaac cgcatttatc ggtatagcgt 
gttaaccgga ccagattggg 



BLASTN 2. 2. 6 [Apr-09-2OO3l 




Reference- Altschul, Stephen F. . Thomas L Madden, Alejandro A- Staffer. O 

Saw jw^r^x-s-ii^jMi^. 

programs". Nucleic Acids Res. 25:3389-3402. 

Query= query 

(70 letters) 

Database: nr-nt: Non-redundant nucleic acid sequence database Release 
04-04-16 ^ 7M sc0|jBnces . 978i 163> B 83 total letters 

done 

Searching. 

Score E 

Sequences producing significant al Ignments: l blts) Value 

Tip 10 2%\ Clear | Select operation ; ^|&*«J 

0*^27145 [AX1271451 Secuence 7061 fro. Patent j. « 

ElicGGLLG CX6611Z) C. glutaraicum git gene for c.tra to syn base a. .. » JrJJ 
0e^>EflS5276 [APMS276] Corynebactertu* glutam.cua. ATCC 3032 DM... 39 2e-30 
mSS'iTo D1X927150] Corynebacteriun. glutanicu* ATCC 1303* 1... 139 2e-30 
»N0«171 Corynebacter.u, eff.c.ens YS-314 DNX cc. 4e-04 
Re*:«0I5456 IAE0154S&] Shewanella oneidensis MR-1 sect.on S of ... 38 t 2 

>emb:AXl27145 IAX1 271 45) Sequence 7061 from Patent EP1 10879a 

Length = 34998ft JpV\9«he- 

Score - 139 bits (70). Expect = 2e-30 
Identities = 70/70 (100» 
Strand = Plus / Plus 



~" 1 ffiiinhiminniBjTninTO " 

Sbjct: 277660 aat 



Query: 61 ceagattggg 70 
Sbjct: 277720 ceagattggg 277729 

>emb:CGGL7G DC66112] C glutamics git gene for citrate synthase and 
0RF 

Length =3013 



httn'/ZhiPFrt ironomfi art m/sit-hm/ nnrr-tilasr. 



BLAST2 Search Result 



Score « 139 bits (70), Expect - 2e-30 
Identities = 70/70 (100%) 
Strand - Plus / Plus 



Sbjct: 720 ccagattggE 729 



XriutfOfiZZS WOOKFfl Cayetaet.rlu-.J.t-co. ATCC 13032 DKA 

tomolete genome, section a/iu- 

Length = 332050 



Score = 139 bits tTO. Expect - 2e-30 
Identities * 70/70 OOMJ 
Strand = Plus / Plus 



60 



DiiArv 61 cca&attggg 70 

Querv. uiimm 

Sbjct t 203770 ccagattgB* Z09779 

». M097irt EBX927150] Corynebacteriura glutamicum ATCC 13032 , IS 
>gbjufiXS2ZlM {"JJ;}"^ ty ; e 4-5, complete genome; segment 3/10. 

Length = 348475 
Score- 139 bits (70). Expect - Ze-30 
Identities = 70/70 C100XJ 
Strand = Plus / Pl«s 

Query- 61 ccagattfiMK 70 
Sbjct : U1333 ceagattggg 161342 

li v<!-3U DMA. complete Co*yweb*C~l«Yll7rA. 

>eni b:AP005217. [AP0052171 Corynebacter.um eff .cens YS 314 DMA, como / 

genome, section 4/1 1. £>-ffi <L?/>nS 

Length ■» 300750 J 0 1 L l CKJ> - 

Score = 52. 0 bits (26) Expect = 4e-04 
Identities = 41/46 (898 
Strand * Pius / Plus 



Sbjct". 22597 eeat |atggct) aaac^caatcgtcg^tata8C|tgtiaaa^ 



http-y/blast.eenome.ad.jp/srt-bm/npri-blast 



2004/04/16 



pico 

Z2 47 : 280 Uii^t««t M t«»tt«t« W -««tc^c««t 221 

2256 : 61 l«"*ffififi^ 113 
2247 : 220 tlltliiliui^ 161 



Z25 6 : 120 attggaaaca^ceii^c^ 179 
2247 : 160 iliUiLiliiUUlliiiiU^ct^aact^caccBt^e^cca^caatta^ 101 

2256 : 180 t 180 . p^yj^c'feylUVn TUlfi* 

2247 : 100 t 100 

PPDH Cj) 

riSDEHBBinfflBEBS. 

2256 : 124 <:«CC^aacc* ? a ?? tma^ ^ 
2247 : 204 i^iULUii«UlilUIUiUUUU aa «att «a^nn aee t e t e ^a te 145 

2256 : 184 sccgatf"?"*"^ M>» 

2247 : 144 gccgatcaagcaaaact 128 K 1 




^ . I Nucleotide H3 for j„ 

Search \""* Limits Pfe ^5S 

C glutamicum GDHA.[gi:2884ia 




LOCUS 
DEFINITION 
ACCESSION 
VERSION 
KEYWORDS 
SOURCE 
ORGANISM 

REFERENCE 
AUTHORS 
TITLE 
JOURNAL 

REFERENCE 
AUTHORS 
TITLE 
JOURNAL 



FEATURES 
source 



2037 bp DNA 



linear BCT 24-MAY-1993 



RBS 
g ene 

CDS 



kghltanticura 60HA gene. 

XwSll 61:288412 
clutaraate dehydrogenase. 
Corynebacterium glutamicum 

Cgangbact^i^ ^^rl^ Acttnobacteridae; Actlnonycetales; 

Glutaraate dehydrogenase CgdhA) gene 

Unpublished 

2 (bases t to 2037) 

Guyonvarch. A. 

nirect Submission n m . inctitut de Genet iQue et 

SS*,1 0 1S « 91405 0rsay Cedex * 

Location/Qualifiers 
/oVlS^-Cory^rlun, Elutan.icunT 

afiSSarS^ ATCC 1MT 

/db xref="taxon:l718 
" 572 
1916 
=~gdhA" 

/gene="gdhA* 
/EC_number= L.4. 
/codon__start=1 
/ev i dence=exper iraenta t 

SSSirtlSU dehydr^nas* (MADP+)" 
/dbjcref="GI -.288413" 



559? 
573. 
/gene 
573 




r f binding 



nftlfilS Arminat0t eaaaceegto aaatttctco gatgeagege 

1 gctagcotoE ggagctotag gagattgtga eaaacgggio 



http://v^- ncbl - nlmnih * gov 



/entrez/viewer.fc g i?db=nucleotid e &val=288412 



04/06/30 



,!! s-gs SKS S££S SSK SK»S 

3! ™ K2S ^ 32SS Kg =. 

56 ctaaatgoco gcagtgagtt aagtctoaaa gc aagaagtt catattttH 

s ss sss sss sss ss suj 

Si Jaacoacca acatcactaa atg = ta^cttt 

541 gcgcatgeag ccgagatggg aacgaggaaa tcatgacagt ««eagcaB e 

Illliii 

,S US££ S =3 S^S SSs SS3 

us sss ssg |S K nss 

1201 aggcaactgg ctacggctgc et«^J«g L^-Soo tacgcgattg 

mwwmwm 
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June 2004 17£1;1 * 



,://wvm.ncbi.nlm.nih.gov/ e ntrez/vi e wer.fcgi?db=nucl e0 tide&val=288412 



04/06/30 
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Part IV Information Pathways * 



RNA Synthesis Is Initiated at Promoters 

Initiation of RNA synthesis at random points in a DNA molecule would 
be an extraordinarily wasteful process. Instead, the RNA polymerase 
binds to specific sequences in the DNA called promoters, which direct 
the transcription of adjacent segments of DNA (genes). The sequences 
adjacent to genes where RNA polymerases must bind can be quite vari- 
able, and much research has focused on identifying the sequences that 
are critical to promoter function. Analysis and comparison of se- 
quences in many different bacterial promoters have revealed similari- 
ties in two short sequences located about 10 and 35 base pairs away 
from the point where RNA synthesis is initiated (Fig. 25-5). By con- 
vention the base pair that begins an RNA molecule is given the num- 
ber + 1, so these sequences are commonly called the -10 and -35 re- 
gions. The sequences are not identical for all bacterial promoters, but 
certain nucleotides are found much more often than others at each 
position. The most common nucleotides form what is called a conseri- 
sus sequence (recall the consensus sequences of oriC in the E. colP 
chromosome; see Fig. 24-10). For most promoters in E. coli and related! 
bacteria, the consensus sequence for the -10 region (also called the| 
Pribnow box) is (5')TATAAT(3'), and the consensus sequence at the] 
-35 region is (5')TTGACA(3'). 



Figure 25-5 The sequences of five E. coli promot- 
ers. These include promoters for genes involved in 
tryptophan, Zactose, and arabinose metabolism. The 
sequences vary from one promoter to the next, but trp 
comparisons of many promoters reveal similarities 
in the -10 and -35 regions. The consensus se- 
quences of the -10 and -35 regions are shown at tRNA 1 ^ 
the bottom. The -10 region is often called the Prib- 
now box, after David Pribnow, the investigator who 
first recognized it in 1975. All sequences shown are / ac 
those of the coding (nontemplate) strand and read 
5'-»3', left to right, as is the convention in repre- 
sentations of this kind. The spacer regions contain rec ^ 
variable numbers of nucleotides (N). Only the first 
nucleotide coding the RNA transcript (at position 
+1) is shown. araB) Aj D 



fgg>§| Spacer | RNA start : fj 
+1 



-N 



16 



m >:-n 7 



-A ) 



Consensus 
sequence 



Many independent lines of evidence attest to the functional impiOT 
tance of these sequences. Mutations that affect the function of a givg 
promoter usually involve one of the base pairs in the -35 or -10 
gion. Natural variations in the consensus sequence also affect the ef 
ciency of RNA polymerase binding and transcription initiation. Diff| 
ences of a few base pairs can decrease the rate of initiation by sevor 
orders of magnitude, providing one means by which E, coli can moc 
late the expression of different genes. In addition, specific binding 
RNA polymerase to these sequences has been directly demonstrated 
vitro (Box 25-1). 
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